Using 70 years of daily rainfall records in eight stations, an analysis of variability and trends of daily heavy rainfall events over Niger River Basin Development Authority Area was carried out by using Standardized Anomaly Index and Spearman Rank Correlation Coefficient. Significant temporal variability on interannual and decadal time-scales was observed in the frequency of heavy rainfall events and annual heavy rainfall amount. Both the annual heavy rainfall amount and frequency of heavy rainfall events demonstrated no pronounced temporal decreasing or increasing trend. However, more recent data records from 1981 onwards revealed an increasing trend. Thus, evidence of a temporal change is apparent in heavy rainfall events in the last three decades in sympathy with global warming.
Introduction
Scientists have suggested that temperature changes will increase the average worldwide rainfall; but decrease rain in some areas as rainfall is tied to temperature changes and the amount of light reaching the earth. IPCC [1] reported that the observed increasing air temperature over several decades is associated with changes in some of the components of the hydrological cycle such as increasing atmospheric water vapour, increasing evaporation, changing precipitation patterns, intensity and extremes. Warmer temperatures are very likely to produce more vigorous hydrological cycles so that increase in air temperature are likely to increase evaporation, capacity of air to hold more moisture and thus heavier rainstorms. A warmer and moister atmosphere should lead to more dynamic hydrological cycle and thus a greater atmospheric instability, resulting in more extreme events [2] . It has been shown that an increase in atmospheric moisture content is more likely to result in an increase in rain per rain day rather than in the number of rain-days in many areas of the globe [3] .
There is increasing evidence that global warming is globally changing precipitation and the hydrological cycles especially extremes. The International Panel on Climate Change [1] states that the overall conclusion from observational and modeling studies is that an increase in the frequency of heavy precipitation events is likely to have occurred over most land areas during the 20th century. Trenberth [4] concluded that there is a direct influence of global warming on changes in heavy rains and precipitation. Trend analyses of heavy precipitation in many parts of the world have been conducted. It has been observed that extreme climate events are indeed increasing at a faster rate relative to the mean climate change worldwide [5] - [7] . It has also been observed that the variability of extreme climate events shows strong regional features [6] [8] . For instances, Groisman [9] detected an increase in heavy precipitation (>25.4 mm) in Western Norway. An increasing trend was detected by Bruneith [10] for Italy during the 20th century. Over Southern Canada, Daithi [2] found an increasing trend in total precipitation that results from increases in all levels of event intensity during the 20th century and increases concentrated in heavy and intermediate events during the latter half of the century with the largest occurring in Arctic areas. Chen [11] reported a weak linear trend of heavy rainfall events over eastern China but a significant decadal variability during 1960-2009 in the region. The frequency of heavy rainfall events has also been reported to increase in Japan [12] , while in the United Kingdom, heavy rainfall events have been observed to decrease [13] .
In Africa, there is an observed significant increase in intensity of extreme rainfall events between 1931-60 and 1961-90 in about 70% of South Africa [14] . A significant decline in the frequency of all size categories at the more northerly station in Sudan was reported by Walsh et al. (1988) . A similar result was reported for northern Nigeria where Olaniran [14] detected a significant decrease in heavy rainfall (>25.4 mm) series for the midland and Sahel zones. A negative trend in heavy rainfall event was reported by Babatolu [15] for the Niger River Basin Development Authority Area, Nigeria during the period .
Floods which are associated with extremes in rainfall are becoming frequent in Nigeria in the last fifteen years. Daily newspaper headlines of floods reflect the importance of precipitation in human affairs. Flood damages are in millions of Naira annually with thousands of lives lost. An example is the unprecedented extreme flood in the rivers Niger and Benue basins in 2012 that set the stage for the costly, lingering and extensive inundation in September/October 2012. Many settlements were submerged, numerous farms were washed away and several million people were displaced. Milly [16] found that great floods have increased worldwide in the twentieth century and are connected with heavy precipitation events [17] .
These events may be evidence of increasing frequency and intensity of heavy rainfall events attributable to global warming. As noted earlier, precipitation is an important element of climate which impinges directly and significantly on humanity. Little variations or changes in precipitation bring enormous economic, environmental, social and political repercussions. To this end, an analysis of occurrence of heavy rainfall events is imperative. This report, therefore, seeks, in part, to update the analysis of the amount and frequency of heavy rainfall event in the country. Again, in the context of climate change due to global warming, analysis of the variability in amount and frequency of heavy rainfall event series is an additional means of monitoring such climate change. It has been suggested that tests for climate change should focus on changes in extreme events rather than on changes in climate mean [18] .
Materials and Method

The Study Area
Niger River Basin Development Authority Area (NRBDA) is located between latitude 7˚N and 12˚N and between longitudes 3˚E and 9˚E in Nigeria (Figures 1 and 2) . Its altitudes range from 300 to about 1200 m with a much contrasted relief. The climate is controlled by the moist maritime south-westerly monsoon from the Atlantic Ocean which brings rains to this area between March and October and the dry continental north-easterly wind from the Sahara desert which brings dryness between November and March. The 1941-2010 mean annual rainfall NRBDA is drained by many streams the most important being Kaduna, Gurara, Kampe, Ero, Moshi, Awon and Kontagora. The study area also houses the important hydroelectric power stations of the country-kainji, Jebba and Shiroro.
Data and Data Processing
Rainfall data have been collected for the period 1941-2010 for eight stations and heavy rainfall series have been generated for each station. The stations were selected on the basis of length and continuity of records and the desire to have data points distributed fairly uniform over the study area.
For this study the daily rainfall were split into three categories, light (<10.4 mm), moderate (10.4 -25.4 mm) and heavy (>25.4 mm) following Ilesanmi [19] . The area-average frequency of heavy rainfall events and heavy rainfall amount were contrasted between the 1941-80 and 1981-2010 sub-periods in addition to the base period to investigate the trend in heavy rainfall series.
Statistical Techniques
Each of the station's annual frequency of heavy rainfall and heavy rainfall amount were redefined as the number of standard deviations away from the mean (z-scores). These z-scores are then averaged directly for all stations in the region in order to get area-average. This is a common index (standardized Anomaly Index) used for regional climate studies.
Each of the regional annual number of heavy rainfall events and heavy rainfall amount were also examined for trends using the Spearman's rank correlation coefficient. The long-term trends were first investigated for the period 1941-2010 and for two other sub-periods, 1941-1980 and 1981-2010.
Results
Variability of Annual Heavy Rainfall Amount in NRBDA Area
The annual heavy rainfall amount variability in the NRBDA area (Figure 3(a) ) shows diverse temporal patterns of occurrence. Two distinct periods of annual heavy rainfall amount anomalies of different type can be recognized. These periods vary in severity and length. The annual heavy rainfall was below long-term mean from 1941 to 1984 with strongest negative anomalies thus demonstrating pronounced decrease during the period. The negative anomalies were very strong mostly above one standard deviation while the positive ones were all below one standard deviation except for three years during the period.
There is a run of good years of annual heavy rainfall amount during the period 1985-2010. Annual heavy rainfall amount during this period was above the long-term mean. Though there was no persistence of anomaly of a particular type, there was preponderance of strong positive anomalies during this period. Most of these positive anomalies are above one standard deviation.
The most noticeable feature of the temporal variability of annual heavy rainfall amount in the study area is that it is dominated by interannual variability whereby the above mean heavy rainfall amount years rapidly alternate with below mean heavy rainfall amount years. The year to year variability is relatively pronounced. Long and persistent below and above long-term mean of five years and above are absent and this is inconsistent with the decadal scale variability exhibited by the annual rainfall in the study area. ten-year period. In contrast, the heavy rainfall events became progressively more frequent from 1951-1968. This period was one of above average frequency of heavy rainfall events. The progressive increase of this period was checked during the period 1969-1990 when the heavy rainfall events became significantly less; frequency of heavy rainfall was persistently below the long-term average. Out of the twenty one year's within this period, only five were weakly above average. Frequency of heavy rainfall events increased again as from 1991 as the 1991-2010 was dominated by above average anomalies.
Variability of Annual Frequency of Heavy Rainfall Events in the NRBDA Areas
It is notable that the temporal variability of the number of heavy rainfall events is characterized by alternating wet and dry conditions on multi-decadal timescale. The temporal variability pattern reflected annual rainfall but contrasted with the heavy rainfall amount which was dominated by short-term above and below average conditions. The analyses in Figures 3(a) and 3(b) show an overall increasing trend in both annual heavy rainfall amount and frequency of heavy rainfall events. The observed trends were tested for significance using Spearman's rank correlation coefficient ( Table 1 ).
The test shows that both the annual heavy rainfall amount and frequency of heavy rainfall events during the period 1941-2010 demonstrated no pronounced temporal decreasing or increasing trends. The statistically insignificant trend in the rainfall attributes during the period 1941-2010 may be accounted for by the large temporal variability that characterized the rainfall attributes series.
On the other hand, both heavy rainfall amount and frequency of heavy rainfall events exhibit statistically significant increasing trend during the period 1980-2010. The increase in heavy rainfall in the last three decades may be attributed to global warming. A warmer and moister atmosphere should lead to a more dynamic hydrological cycle and thus a greater atmospheric instability, resulting in more extreme events [2] . Moreover, an increase in atmospheric moisture content is more likely to result in an increase in rain per rain day rather than in the number of rain-days in many areas of the globe (Fowler and Hennessy, 1995) . Gellens (2000) reported an increase in extreme precipitation in Belgium during the period 1951-1995, but no such trend was found for the period 1910-1995. Chen [11] found a weak linear trend of heavy rainfall events over eastern China during 1960-2009. Variations in annual rainfall, heavy rainfall amount, and frequency of rainfall events over NRBDA area since 1980 are dominated by an increasing trend in sympathy with increasing temperatures. This suggests that global warming may have direct effect on changes in precipitation and heavy rains as noted by Trenberth [4] .
Conclusions
This study has added to the increasing evidence that human-induced climate change (global warming) is changing precipitation especially the heavy and extreme precipitation globally. Climate characteristic of heavy rainfall variability combined with a poor level of infrastructural development has resulted in high vulnerability, particularly of rural communities, to extreme climate events such as droughts and floods.
The society's vulnerability to extreme weather and climate scenarios such as flood and drought is illustrated by the impacts of the drought of 1972/73 and the flood of 2012 on the flood plains of rivers in Niger and Benue and their tributaries. Given the vulnerability of communities in Nigeria, changes in the frequency and magnitude of heavy rainfall events resulting from global warming could have serious implications. Minimizing the problem of floods and droughts, therefore, makes for major challenges for water managers. It behoves on water managers and the government to save in times of excess for those times when there is too little.
